To evaluate the human T-cell lymphotropic virus type I (HTLV-I) proviral DNA load among asymptomatic HTLV-I-infected carriers and patients with HTLV-I-associated myelopathy/tropical spastic paraparesis (HAM/TSP), real time PCR using TaqMan probes for the pol gene was performed in two million peripheral blood mononuclear cells (PBMC). The albumin gene was the internal genomic control and MT2 cells were used as positive control. The results are reported as copies/10,000 PBMC, and the detection limit was 10 copies. A total of 89 subjects (44 HAM/TSP and 45 healthy HTLV-I-infected carriers) followed up at the Institute of Infectious Diseases "Emilio Ribas" and in the Neurology Division of Hospital of Clínicas were studied. The asymptomatic HTLV-I-infected carriers had a median number of 271 copies (ranging from 5 to 4756 copies), whereas the HAM/TSP cases presented a median of 679 copies (5-5360 copies) in 10,000 PBMC. Thus, HAM/TSP patients presented a significantly higher HTLV-I proviral DNA load than healthy HTLV-I carriers (P = 0.005, one-way Mann-Whitney test). As observed in other persistent infections, proviral DNA load quantification may be an important tool for monotoring HTLV-I-infected subjects. However, long-term follow-up is necessary to validate this assay in the clinical setting. 
• HTLV-I • HTLV-I-associated myelopathy/tropical spastic paraparesis (HAM/TSP) • HTLV-I DNA viral load Human T-cell lymphotropic virus type I (HTLV-I) is the etiological agent of HTLV-I-associated myelopathy/tropical spastic paraparesis (HAM/TSP) (1, 2) . Ten to twenty million people are persistently infected with HTLV-I and are at risk of developing HAM/ TSP and adult T-cell leukemia/lymphoma worldwide. A high prevalence was found in intravenous drug users and in patients with sexually transmitted diseases. Although the majority are healthy, 2-5% may develop HAM/TSP (3) . HAM/TSP is a chronic debilitating inflammatory disease of the central nervous system characterized by axonal damage and demyelination, most pronounced in the midthoracic spinal cord (4) . HAM/TSP patients mount a very vigorous antibody and cytolytic T lymphocyte (5,6) response to HTLV-I. This shows that HTLV-I infection alone is not enough to cause HAM/TSP, but additional factors such as the virus-host interaction, HTLV-I proviral load, and HLA haplotypes, such as HLA*DR-A2 are also important (7) .
In many viral infections, viral load may indicate the degree of replication and usually indicates the possibility of causing damage to the host over long periods of time. It has been well demonstrated that plasma viral load of human immunodeficiency virus type 1 (HIV-1) correlates to disease progression and is an important surrogate marker in predicting the development of acquired immunodeficiency syndrome (AIDS) (8) .
Despite the large quantities of data regarding HIV and viral load for AIDS progression, few studies have been published regarding the viral load of HTLV-I and the clinical outcome (9) . The major problem is that HTLV-I infection has a long incubation time and fewer than 5% of carriers will actually progress to the associated disease (3) .
It has been previously demonstrated that the replication of HTLV-I is increased in HAM/TSP patients as compared with asymptomatic HTLV-I carriers (10, 11) . However, this is not yet conclusive and the mechanisms of HAM/TSP development still continue to elude us. In this short communication, we present data on HTLV-I proviral load in asymptomatic and HAM/TSP patients from São Paulo, SP, Brazil.
All patients included in the study were followed at the "Emílio Ribas" Institute of Infectious Diseases and at the Neurology Section of "Hospital das Clínicas da Universidade de São Paulo". Blood samples were collected from 45 asymptomatic HTLV-Iinfected individuals and 44 patients with HAM/TSP. The HAM/TSP diagnosis was made by a neurologist according to World Health Organization diagnostic guidelines (12) . The study was approved by the Ethics Research Committee of both institutions involved and all subjects gave written informed consent to participate. The subjects were diagnosed using standard protocols (ELISA HTLV-I/II Ortho D, Raritan, NJ, USA), Western blot (HTLV 2.4, Diagnostic Biotechnology, Singapore). The MT2 cell line was used as a positive control for HTLV-I.
Peripheral blood mononuclear cells (PBMC) from patients and controls were isolated from an acid-citrate-dextrose solution and separated by Ficoll density gradient centrifugation (Pharmacia, Uppsala, Sweden). The cells were washed with saline and pellets with 10 6 cells were stored at -70ºC until use. DNA was extracted using a commercial kit (GFX Pharmacia, Uppsala, Sweden).
The forward and reverse primers used for HTLV-I DNA quantitation were SK110 (5'-CCCTACAATCCAACCAGCTCAG-3', HTLV-I nucleotide 4758-4779 (GenBank accession No. J02029)), and SK111 (5'-GTGGTGAAGCTGCCATCGGGTTTT-3', HTLV-I nucleotide 4943-4920). The internal HTLV-I TaqMan probe (5'-CTTTAC TGACAAACCCGACCTACCCATGGA-3') was selected using the Oligo (version 4, National Biosciences, Plymouth, MI, USA) and Primer Express (Perkin-Elmer Applied Biosystems, Boston, MA, USA) software programs and checked by a search of GenBank. The probe was located between positions 4829 and 4858 of the HTLV-I genome and carried a 5' reporter dye FAM (6-carboxy fluorescein) and a 3' quencher dye TAMRA (6-carboxy tetramethyl rhodamine). For quantification of the human albumin gene, the primers Alb-S (5'-GCTGTCA TCTCTTGTGGGCTGT-3') and Alb-AS (5'-AAACTCATGGGAGCTGCTGGTT-3') and the albumin TaqMan probe (5'-FAM-CCTGTCATGCCCACACAAATCTCT CC-TAMRA-3') were used as described previously (13) .
Albumin DNA was quantitated jointly in all samples in order to determine the amount of DNA used as an endogenous reference to normalize variations due to differences in PBMC counts or DNA extraction.
The 50-µl PCR mixture for HTLV-I or albumin DNA amplification consisted of 10 liters DNA extract, primers SK110 and SK111 or Alb-S and Alb-AS (200 nM of each), 100 nM HTLV-I or albumin TaqMan probe, dATP, dCTP, and dGTP, each at a concentration of 200 nM, 400 nM dUTP, 5 mM MgCl 2 , 0.5 U uracil DNA glycosylase, 1.25 U Taq platinum polymerase, and 1x PCR buffer. For both the HTLV-I and albumin DNA amplifications, after one cycle at 50ºC for 2 min and one cycle at 95ºC for 10 min, a two-step PCR procedure was used consisting of 15 s at 95ºC and 1 min at 65ºC for 45 cycles. Amplification and data acquisition were carried out using the I-Cycler Sequence Detector System (BioRad, Hercules, CA, USA).
For the albumin control we used PBMC from healthy individuals seronegative for HTLV-I/II and HIV-1 infection. These cells were separated on a Ficoll density gradient and counted at a concentration of 2 x 10 6 after serial dilution (2 x 10 5 , 2 x 10 4 and 2 x 10 3 ). MT2 cells were used as internal control and counted at a concentration of 10 5 , and serial dilutions of 10 4 , 10 3 and 10 2 were performed. For the standard curve, we used HTLV-I-and HIV-1-negative samples of 2 x 10 6 cells. DNA was diluted and used for the control of albumin ( Figure 1A ) (14) , and the same procedure was applied to the MT2 cells ( Figure 1B) . Standard curves for HTLV-I and albumin were accepted when the slopes were between -3.74 and -3.32 (corresponding to PCR efficiencies of 85 to 100%) and the coefficients of correlation, r 2 , were >0.98. The analysis was repeated when there was more than 30% variation between duplicate values of HTLV-I or albumin DNA copy numbers. The MT2 cell line (kindly provided by Dana Gallo, Viral and Ricketsial Disease Laboratory, Richmond, CA, USA) was used as a quantitation control in each run, and 2.4-3.3 HTLV-I copies/cells were considered to be acceptable results. The normalized value of HTLV-I proviral load was calculated as the ratio of (HTLV-I DNA average copy number/albumin DNA average copy number) x 2 x 10 6 and is reported as number of HTLV-I copies/10 6 PBMC (15).
Data were analyzed statistically by the one-way Mann-Whitney test and percentages were transformed for analysis. In both cases, P values <0.05 were considered to be statistical significant.
A total of 45 asymptomatic HTLV-Iinfected subjects and 44 HAM/TSP cases were studied. The asymptomatic group presented an average of 271 copies in 10,000 cells (range: 5 to 4756 copies), whereas the HAM/TSP group presented an average of 679 copies (range: 5 to 5360 copies) in 10,000 cells. HAM/TSP patients had a significantly higher number of HTLV-I copies than healthy carriers (P = 0.005). Also, HAM/ TSP cases had 3-fold higher levels compared to the asymptomatic HTLV-I carrier group.
Despite some overlapping values, HAM/ TSP patients presented higher HTLV-I proviral DNA viral load than asymptomatic HTLV-I-infected carriers. As observed in other persistent infections, such as HIV-1 and hepatitis C virus, viral load is also important during HTLV-I infections and regarding their outcome. Unfortunately, longterm follow-up is necessary to discover new outcomes in HTLV-I-infected positive carriers. In fact, some studies have shown similar results (16, 17) .
It is also possible that immune mediated disturbances are a major force that drives HAM/TSP immune pathogenesis. More recently, CD8+ T cells have been shown to play an important role in HTLV-I disease progression in terms of cytotoxicity or soluble factor release (6). However, proviral DNA viral load may play a major role in this disorder. This finding only reflects the low pathogenicity of this virus. Moreover, viral association with disease development is highly influenced by HLA genetic background as well as by viral factors (18) .
In the present study, we noted that some asymptomatic HTLV-I-infected individuals presented a higher viral load than HAM/TSP patients. More recently, it has been shown that T CD4+ expressing tax protein may play a crucial role in explaining these findings, since these cells release higher levels of IFN-γ, which may explain most factors involved in the pathogenesis of HAM/TSP (19) . Moreover, HTLV-I-related diseases usu- ally occur 30-40 years after incubation (20) and few new cases of HAM/TSP have been reported. In our cohort, only one new recently HAM/TSP diagnosed case was noted despite 1200 persons-years of observation (data not shown). Thus, only long-term follow-up with larger numbers of asymptomatic subjects will elucidate the role of proviral DNA viral load as a surrogate marker for the progression of HTLV-I disease.
